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ABSTRACT 

This report was prepared by the Water Quality Branch of the Ontario Ministry 
of the Environment and reviews the available information on the environmental 
effects resulting from road de-icing and snow disposal. A brief review of 
the methods, equipment and materials used for snow and ice removal is also 
included. The literature generally concludes that highway de-icing and direct 
disposal of snow can cause environmental hazards, however, authors tend to 
agree that research is required to assess the degree of adverse effects of 
these practices. 

It appears that the design of most snow removal equipment has changed little 
since the time of early development of this equipment and that limited engineer- 
ing information on snow removal equipment is available. Additional studies, 
recommended in the literature and required to assess and reduce the environ- 
mental impact of snow disposal and ice removal from roads, are also included 
in this report. 



INTRODUCTION 

During the past twenty years, significant growth in motor vehicle density 
and use, coupled with an increasing number of miles of highways, has 
intensified the demand for the removal of snow and ice from surfaces of 
roads. At the same time, this increase in traffic volume has contributed 
to higher concentrations of contaminants in the roadside windrows of 
snow awaiting removal. 

Snow removal technology in cities developed rapidly following the appear- 
ance of the automobile in the years shortly after the turn of the twentieth 
century. There have been no dramatic changes in the design of most snow 
removal equipment since the time of its early development. However, the 
many minor modifications made over the years have collectively contributed 
to a vast improvement in the efficiency of such units. This increased ef- 
ficiency allows municipal jurisdictions to remove the snow in a much shorter 
time period than was previously possible. By so doing, the snow and ice 
does not have as many added pollutants as it would if allowed to remain for 
an excessive period of time prior to its removal . 

The original key to snow disposal plans in many cities was to be the use 
of sewers for flushing away snow. At a snow removal conference in 1914 
in Philadelphia, one of the earliest on record, it was reported that salt 
was extensively used for snow removal in England and France. The con- 
ference doubted that this practice would be successful in North America 



because of the heavier snowfalls, and also because of anticipated objec- 
tions by the Society for Prevention of Cruelty to Animals *(Minsk, 1970) . 
In the 1930's, the construction of bigger and heavier blade plows and 
rotary plows provided major advances in winter highway maintenance 
(Bain, 1970) . Prior to 1941, it was the usual practice to spread chloride- 
treated sand on snow or ice covered pavements. More recently, there 
has been a tendency to decrease the use of sand and increase the use of 
salt as a de-icing compound. 

Crowing concern has developed over pollution arising from both the runoff 
from de-icing chemicals applied to streets and highways and the direct dis- 
posal to watercourses of snow removed from these roads. Consequently, 
an environmentally oriented survey of the literature on road de-icing and 
snow disposal was undertaken to assess the adverse effects of these prac- 
tices . 

This report is a summary of findings of a literature review. It was rea- 
lized at the beginning of this study that the review of available literature 
would not furnish all the answers for the formulation of a snow disposal 
policy, but it would clarify the knowledge of the effects of snow removal, 
and, hopefully, would stimulate further work in this field. 



* It was anticipated that the SPCA would argue that salt would cause injury 
to horses hooves etc. 



1. MAIN OPERATIONS FOR SNOW AND ICE REMOVAL 

- Plowing and Blowing 

- Hauling and Dumping 

- Thermal Melting 

- Chemical Melting 

- Spreading of Abrasives 

Some experimentation is being conducted with sonic and electronic systems, 
however, these will not be readily available in the near future. 

1.1 PLOWING AND BLOWING OF SNOW 

A century ago, the plowing of snow was the most popular form of snow re- 
moval in cities located in northern areas. Recently, 'plowing type 1 snow 
removal operations have been categorized by E.C. Bain (1970} who sug- 
gested the following classification of snow removal equipment: 

Class Definition Type of Operation 

1 Snow-dozing Very slow plowing 

2 Snow-plowing Plowing at 15-20 m. p. h. 

3 Snow-throwing Plowing at greater than 20 m. p. h. 

4 Snow-blowing Rotary plowing 

The speed of the snow removing equipment is the criterion of this suggested 
classification. At slow speeds, snow is pushed or plowed, but at the faster 



speeds of 20 to 30 m.p.h., it is thrown. Snow-throwing equipment gener- 
ally involves high powered vehicles capable of throwing large tonnages of 
snow (e.g. railroad and expressway maintenance) . 

1.2 HAULING AND DUMPING OF SNOW 

Snow disposal on land sites, frozen lakes and rivers has been commonly used 
by municipalities as a convenient and economic means of snow disposal, es- 
pecially the dumping of snow to lakes and rivers. Such dumping of snow con- 
centrates pollutants present in snow (toxic metals, oil, nutrients, organics 
and solids) that may otherwise not gain access (solids) to the watercourse 
or may have gained access over a greater distance and time, thereby reducing 
their harmful effects. 

1.3 THERMAL MELTING OF SNOW 

In situ, thermal melting can be divided into two categories (Lockwood, 1965): 

(a) External systems utilizing infra-red energy that can be either 
electric or gas operated. 

(b) In-slab systems, including imbedded, electrically-heated cables 
or pipes containing heated fluids or steam. 

Thermal melting is generally more expensive than other methods and there- 
fore, used to a limited extent (toll stations, ramps, busy intersections, etc .) . 



Snow melters can be used for melting snow cleaned from streets and parking 
areas. These machines involve three elements: a heat source, a melting 
chamber and a discharge system. Mobile melters most frequently dis- 
charge into storm drains and are generally used for melting relatively 
small quantities of snow. Stationary melters are utilized for melting large 
quantities of snow expecially in areas with extremely cold winters. 

1.4 CHEMICAL MELTING OF SNOW 

A number of chemicals are used for snow and ice melting. The basic re- 
quirement is that the substance be soluble in water and lower its freez- 
ing point. Some chemicals have an additional advantage for de-icing by 
giving off heat as they go into solution (e.g. calcium chloride) . Chemical 
de-icing includes chemicals such as urea and sodium chloride. Cost is a 
big factor in the selection of a de-icer. This cost varies with the supplier 
and geographic location, however, calcium chloride costs approximately 
three to four times as much as sodium chloride. 

The Ontario Ministry of Transportation and Communications has carried 
out limited studies as to the feasibility of utilizing calcium chloride for 
road de-icing. The results, as reported, did not indicate that the chemical 
was desirable to use due to its cost, the fact that it is difficult to handle and 
that once in solution it had deleterious effects upon some materials, such 
as leather, rubber, metals, etc. However, the above Ministry retains a 
limited stock of calcium chloride for occasions when sodium chloride cannot 
be used (if temperature drops below degrees F) . 



Urea is another chemical frequently mentioned as an alternative to salt. It 
is generally considered to be less corrosive than the chlorides but its ex- 
tensive use is uneconomical and could contribute to the nutrient enrichment 
of streams. Urea was tested by the National Research Council, Ottawa (1964) 
Results did not indicate that this chemical warranted being utilized on a 
wide scale. Urea is not effective in cold winter conditions and must be used 
in quantities approximately twice as great as sodium chloride. However, 
urea is widely used by the aviation industry where the non-corrosivity 
upon aircraft metals plays the most important role in the selection of de- 
icing chemicals. 

The following chemicals have been tried for de-icing purposes (Salt 
Institute, 1971) . 

De-Icing Chemical Eutetic Temperature oF * 

Sodium chloride - 6 

Potassium chloride +13 

Ammonium sulfate " 2 

Calcium chloride -59 

Magnesium chloride -28 

Urea +11 

Aluminum chloride -65 



* Eutetic temperature is defined as the lowest melting point of the mixture 
of two or more substances. 



Many variables, such as temperature, air humidity, grain sizes, depth 
of the snow or ice, and traffic effect the efficiency of the de-icing pro- 
cess. Therefore, the rate of application must be determined empirically. 
Past experience indicates that de-icing chemicals are effective and 
economical when the snowfall is light, up to a depth of 2-3 inches 
(Struzeski, 1969). 

The Ontario Ministry of the Environment has contacted major munici- 
palities in Ontario concerning their winter roads maintenance practices. 
The survey indicated that application rates up to 1,800 lbs. of salt per 
2 lane mile of road per treatment are not uncommon. However, most 
municipalities utilize the salt application rates recommended by the Ontario 
Ministry of Transportation and Communications (1972), the rates being as 
follows 

- 450 lb/2 lane mile for rural roads (per treatment) 

- 800 lb/2 lane mile for urban roads (per treatment) 

The large majority of salt is currently applied to road surfaces by vehicles 
having mechanical spreaders (tail-gate spreaders, hopper-type spreaders, 
dump trucks with discharge pipes, etc.). Improper calibration and oper- 
ation of this equipment may lead to the application of salt at excessive rates. 
The Ontario Ministry of Transportation and Communications' policy is to 
store large quantities of de-icing chemicals in stock piles which are 



covered and placed upon waterproof pads. The salt is stored either in 
salt sheds or in dome-like structures (beehives). These domes, which 
represent the most advanced means of storing the de-icing chemicals, are 
primarily used to store large quantities of salt-sand mixture. These 
units can store up to 5,000 cubic yards of salt-sand mixture under one 
roof. 

In Northern Ontario, where cold weather conditions dictate the use of 
sand-salt mixtures, covering of storage piles is, in a few instances, achieved 
by a plastic coating sprayed on the pile's surface. This technique minimizes 
the leaching of salt out of this mixture and thus prevents local salt pollution of 
adjacent land and watercourses. 

Authorities responsible for highway and road maintenance generally agree 
that sodium chloride is readily available, easily handled, economical and 
highly efficient. Efficiency of deicing salt depends mainly on its surface 
and hence its particle size. There has been considerable discussion in 
available literature as to the optimum particle size for de-icing salt. Although 
it is well agreed that the melting action of fine salt is higher than that 
of coarser material, the latter is utilized to a greater degree. The coarser 
salt penetrates relatively more easily into hard ice surface and maintains 
its activity over a much longer time period than the fine material . 

Experiments have shown that dry salt has no direct melting action; melting 
occurs only after the salt has dissolved and formed a solution by taking moisture 



from the air. The resultant solution may be useful in both preventative and 
maintenance treatments during or immediately after precipitation. A technique 
utilizing a sodium chloride solution was introduced for de-icing of roads in 
Italy (Scotts, 1970) . This represented a departure from the conventional treat- 
ment with solid de-icing chemicals. The author described the technique 
utilizing a solution of calcium chloride. 

However, this method did not prove efficient for treating thick layers of ice. 
Another experiment with salt solution has been carried out in North Dakota, 
U.S.A. (Kyser, 1971) . Brine solution, a by-product separated from crude 
oil, was applied directly on roads at a rate of 130 gallons per mile. 

Where the ice was thicker (more than three quarters of an inch) , dry salt 
was added behind the brine truck. According to the author, the results of 
this test were satisfactory. However, application of brine solution is not likely 
to be used in Ontario. In Southern Ontario, the air is relatively humid and 
thus the salt applied on the road becomes "active" in a relatively short period 
of time after applications. Furthermore, the Ontario Ministry of Transportation 
and Communications anticipates corrosion problems and the need for frequent 
servicing of equipment spraying a brine solution . These conclusions are 
supported by experience gained from summer spraying of gravel township 
and county roads with solutions of calcium chloride to prevent dust problems. 
The majority of contractors providing this service complain about the rapid 
corrosion of the spraying equipment. 



Dunnery (1970) describes the treatment of ice from roads by the patented 
liquid called "Union Carbide UCAR De-icing Agent" . This fluid is essentially 
a glycol-water mixture having a BOD 5 in the order of 300,000 mg/l (Schultz, 
1973) . It is therfore not considered acceptable for road de-icing, but 
more applicable for controlled situations such as air craft de-icing. 

Traffic is considered to be an important parameter in snow removal consider- 
ations. The heat generated by the friction of the tires on the pavement and 
the mechanical splashing of snow are the two primary means of removal 
associated with traffic. However, until the snow reaches a free water content 
of 30%, traffic will not effectively melt snow from roadways (Richards and 
Assoc. , 1972) . To obtain 30% free water content in snow, it would be neces- 
sary to apply 220 pounds of salt per two lane mile of road with one inch of 
snow at an air temperature of 4 degrees F. According to Richards and Assoc. 
(1972) , the remaining snow will be removed by traffic whenever the traffic 
density is greater than 50 vehicles per hour. 

1.5 SPREADING OF ABRASIVES 

Although the use of abrasives has declined, they are still important for winter 
time highways maintenance. A number of communities use combinations of 
salt and sand, or grit at the rate of 50-100 lb. of salt per cubic yard of material 
(Struzeski, 1971). This has three advantages: 

(a) traction is increased immediately. 



(b) amount of salt is reduced. 

(c) sand piles with slight moisture content do not 
freeze solid or into huge chunks of sand. 

The cost saving resulting from the latter might be offset by the cost in clearing 
tons of grit from pavements. Moreover, the use of abrasives for street main- 
tenance could possibly lead to higher corrosion of automobile bodies due to 
pitting of the painted surfaces and a subsequent oxygen starvation type of 
corrosion. (Richards and Associates, 1972) 

The average unit cost/lane mile/inch snowfall for total snow and ice control 
operations for the years 1970-1973 in the City of Ottawa was $1.79 (J.L. 
Richards and Assoc, 1972) . The costs of operation are influenced by daily 
climatic conditions. Although the unit cost/lane mile/inch snowfall is a use- 
ful yardstick for comparison within the same city, it is less meaningful for 
the comparison of distant cities with different climates and operating 
techniques . 



2. ENVIRONMENTAL EFFECTS OF SNOW REMOVAL 

2.1 HIGHWAY AND STREET DE-ICING 

A review of the literature indicates that de-icing chemicals may cause 
damage across a wide environmental spectrum. Side-effects of highway 
salting include: 

- the corrosion of highway structures and vehicles. 

the contamination of the surface and subsurface water, 
supplies and consequent effects on aquatic biota. 

- the contamination of soils, and effects on trees and grasses. 

2.1.1 The Corrosion of Auto-body steel and Highway Structures 

The literature on steel corrosion concludes that salt without moisture does 
not cause corrosion. However, when the metal is exposed to salt water, 
an electrolytic reaction which converts the metal to its oxide form, will 
likely proceed at a much faster rate compared to water alone. Anon (1957) 
indicates that chlorides in water are corrosive even to stainless steel. 
These facts have been studied by Fromm (1967) who tested the effect of 
salt upon auto-body steel in many representative areas in Canada by ex- 
posing the auto-body steel to: 

- atmospheric conditions only. 

- de-icing salt. 



- salt with corrosion inhibitors. 

This study indicates that salts cause an increase in the rate of corrosion 
directly in proportion with the amount of salt used. The same result 
was obtained in the U.S.A. by the Ford Motor Co. in Minnesota. In the 
Toronto area, for example, it was proven that the use of salt doubles the 
rate of corrosion (Fromm 1967). Fromm also concludes that none of the 
corrosion inhibitors tested produced a significant reduction in the amount 
of corrosion. 

Laboratory studies have shown that sodium chloride and calcium chloride 
may have damaging effects on concrete (Struzeski, 1969). Defects 
caused in bridge structures include large cracks, splitting or shelling 
out of the surface layer of the deck and surface pitting. However, 
according to the Portland Cement Association, U.S.A., properly designed 
concrete surfaces made with top-quality air entrained concrete have 
little need for further protection against de-icing chemicals commercially 
used (Panarase, 1971) . The exceptions are ice-removal agents containing 
ammonium nitrate and ammonium sulfate salts. These chemicals could 
attack any concrete. Experience has shown that de-icing salts may have 
deleterious effects upon highway structures. The National Research 
Council in Ottawa (1971), upon the results of laboratory tests and field 
observations, concluded that salt is the most significant contributor to 
the deterioration of concrete, but it is not the only factor responsible 
for concrete failures. 



No significant effects that could be attributed to deicing chemicals have 
been observed for asphalt pavement. According to the Asphalt Institute 
(1963), no significant deterioration or an appreciable change in the con- 
sistency of the asphalt due to de-icing salts was observed while testing 
a large number of samples under laboratory conditions. Due to the 
greater amount of heat absorbed by asphalt surfaces, deicing chemicals 
are considered more effective on these surfaces than on concrete high- 
ways at lower temperatures. 



2.1.2 The Contamination Of The Surface And Subsurface Waters 
And Consequent Effects On Aquatic Biota 

The Ontario Ministry of the Environment in its publication "Guidelines 
and Criteria for Water Quality Management in Ontario" recommends the 
following chloride concentrations based upon specific water uses. 

Desirable Chloride Permissible Chloride 
Concentrations Concentrations 
Type of Use (mg/1) (mg/1) 



Domestic Water Supply less than 25 250 

Agriculture Irrigation less than 70 150 

Tobacco Irrigation less than 20 70 

The requirements for chloride concentration in industrial water supplies 
varies with the industrial use. The pulp and paper industry, for example 
prefers low chloride levels of approximately IOmg/1 . 

Investigations of the potential and actual ground water contamination problems 
in Ontario are carried out by the Water Quantity Management Branch of the 
Ontario Ministry of the Environment. Fewer than ten complaints are received 
annually that relate to salt contaminated wells. These problems are usually 
associated with uncovered sand-salt storage piles, and less frequently, with 



heavily salted road intersections. An investigation into salting at a road 
intersection in the Ottawa-Carleton area showed that a well 100 feet from the 
intersection had a chloride concentration of up to 1600 mg/l, while another 
well 550 feet from the intersection contained up to 900 mg/l of chloride. 
Other downgradient wells, beyond the influence of the heavy salt dosages at 
the intersection, were contaminated by normal road salt operations and their 
water contained up to 360 mg/l of chloride. The background concentration 
of chloride for this area has been reported as 50 mg/l. 

The effects of road salting on ground water quality have not been intensively 
studied in Ontario, however, problems related to salting of roads have been 
identified during other investigations. For example, during a gasoline con- 
tamination investigation near Woodstock, Ontario, water in wells located in 
an unconfined aquifer upgradient from a highway were found to contain 
about 10 mg/l of chloride. On the other hand, water in wells located 100 
feet downgradient from the same highway contained an average of 235 mg/l 
of chloride. 

Data gathered from isolated instances, such as those above, suggest that 
highway road salting does contribute to ground water quality impair- 
ment in unconfined or poorly confined aquifers. The paucity of complaints 
from owners of shallow wells fronting roads indicates that chloride levels 
in the ground waters probably remain below the taste threshold and/or 
that users have developed a tolerance to the salt taste of the water. 



Valid complaints investigated by the Ontario Ministry of the Environment 
are brought to the attention of the appropriate municipal or provincial 
agencies. Sand-salt piles are usually removed to less sensitive areas 
or are sheltered to prevent sal bleaching out of the piles and affected 
well water supplies are restored. Road salt spreading presents a more com- 
plicated problem. As a matter of policy, the Ontario Ministry of Transpor- 
tation and Communications does not restore supplies affected by salt spread- 
ing. In these sensitive areas, the only apparent method of resolving 
pollution problems is to reduce the rate of salt applicationt to the roads. 

Fromm {1971) reviews studies on the buildup of salt in the ground. It ap- 
pears that salt levels in the ground alongside highways are highest at 
the surface about five feet from the highways and decrease with distance 
from the road. At about 100 feet from the highways the levels return to 
normal. The salt concentration was also shown to be the highest at the 
surface and almost normal again at a depth of 5 feet. The author does not 
believe that ground water could be contaminated from road salt to any 
significant extent. 

The report prepared by the Salt Institute (1971) reviewed some recent 
findings on the environmental effect of salt and came to the conclusion that 
"Water pollution from de-icing salt is limited to effects on shallow wells 
near roadways and to small ponds and streams located where they receive 
direct run-off from roadways. Major waterways do not appear to be con- 



taminated" . 

Hutchinson (1966) analyzed the progression of salt through soil in Maine. 
The author came to the conclusion that the majority of salt is retained 
by the soils adjacent to the salted highways, increasing the concentra- 
tion of salt in soil up to ten times. The investigator does not believe 
that salt would enter waterways through the soil. Chloride is finding its 
way into watercourse from many different sources. For example, road 
salting represents slightly less than 20% of the total chloride input into Lake 
Ontario (OWRC, 1971). The chloride concentration in Lake Erie increased 
from 7 mg/l in 1910 to 23 mg/l in 1969. According to the Salt Institute report 
1971, about 11% of the increase was due to de-icing salts. Fromm (1971) 
stressed the fact that although the intensive use of salt started in mid-forties 
and early fifties, the chloride-time growth curve in the Great Lakes does 
not reveal any marked increase, but rather a steadily rising chloride curve. 
It would appear that the increase in chloride levels is largely associated 
with increasing industrial growth and rising population levels around the 
Great Lakes. A study on chloride levels in lake Erie by Owenby and Kee (1967) 
resulted in the following conclusions regarding chloride input into Lake Erie: 

- 27% from upstream watershed. 

4% from municipal wastes. 

11% from street and highway salting. 

57% from industry. 



Both authors have postulated that if the present trends are maintained, 
then the chloride levels in 2020 will be 70 mg/l . Dobson (1967) has re- 
ported that sodium and chloride levels are changing more rapidly than 
other chemicals in Lake Ontario. The rate of increase per 10 years was 
21% for sodium and 19% for chloride. The author concludes that at this 
rate of increase, the concentration of sodium and chloride will double 
in 50 years (to 50 mg/l of CI) , primarily as a result of human activities. 
Chloride levels in the Lower Great Lakes have shown a three-fold increase 
since the turn of this century. (Pollution of Lake Erie, Lake Ontario and 
the International Section of the St. Lawrence River, International Joint 
Commission, 1969) . A significant portion of the total chloride input to Lake 
Ontario was attributed to de-icing salts. 

Hutchinson (1968) studied the effect of highway salting on the concentration 
of sodium and chlorides in nine rivers in southwestern Maine. These data 
showed no consistency in an increase in salt concentration during the 
winter months. In fact, the sodium levels tended to be highest in Sep- 
tember. According to the study carried out by the Ontario Water Resources 
Commission (1971) , streams in the vicinity of Toronto exhibit up to 400% 
increase in the concentration of chloride in winter. 

Judd (1971) stated that salt had an adverse effect on the First Sister Lake, 
Michigan, because the spring mixing of this lake was prevented by the 
increased diversity in the lower lake strata which in turn was primarily 
attributed to contamination by salt. The author claimed that the stratifi- 



cation stability of this lake increased in spring so much that even a 
wind of 50 m.p.h. did not have sufficient force to cause the lake's turnover 
However, according to the author, the fait turnover of the studied lake was 
not affected . 

Similar findings have been reported by Bubeck (1971) who observed the 
increasing salinity from winter runoff accumulating in the bottom of a 
small bay. The salinity of the dense runoff was sufficient to prevent com- 
plete vertical mixing of the bay during the spring due to the increased 
density gradient imposed by brine solutions. 

Kunkle (1972) studied the effect of de-icing upon a small stream in New 
England. This investigation observed peak chloride concentrations dur- 
ing summer dry periods which he interpreted as indicating that some 
portion of road salt found its way into soil and finally emerged in the 
summer ground water input. The author concluded that salt pollution 
could be restricted to stretches of streams near highways, noting that 
problems might arise when the stream serves as a public water supply. 

A report prepared by The Salt Institute (1971) describes the rapid in- 
crease in chloride concentration in a public water supply after the opening 
of the Massachusetts Turnpike. The same report shows that the chloride 
concentration usually peaks during the February - May period. 
For comparison purposes, the following table indicates the chloride con- 
tent of different waters. 



TABLE 2.1.1 Chloride Contents of Various Waters 



Type of Water 



Chloride Content Reference 



(mg/l) 



Rain 

Rivers without pollution 

stress 

Domestic raw sewage 

Urine 

Sea water 



to 2 
to 20 

40-150 
to 5,000 
to 20,000 



Kramer, 1972 
Ontario Ministry of 
the Environment, 1972 

Hughrrianik, 1971 
Hughmanik, 1971 



According to the Highway Research Board (1967), water with 2000 mg/l 
of chloride has been used for domestic purposes without adverse effects 
once that the human system adjusted to this water; presently, restrictions 
on the chloride content of our drinking water are based on taste, rather 
than health. The same reference, however, stresses the fact that ex- 
cessive consumption of sodium, another major element from de-icing salt, 
may be harmful to people with heart or kidney diseases. 



Very little is known about the effect of de-icing chemicals on the aquatic 
biota. Chloride is generally considered to be a non-toxic ion and hence 
very little data are available as to its effect on the aquatic biota. Hughmanik 
(1971) reported that fish were killed in farm ponds and small lakes immediately 
adjacent to highways where salt was used. The same reference reported 
critical concentrations of sodium chloride affecting biological life as illus- 
trated in Table 2.1.2. 



TABLE 2.1.2 



Concentrations of Sodium Chloride Affecting Various 
Biological Life Forms 



(Hughrnanik, 1971) 



Type of Life 

Minnows 
Daphnia 
Act. sludge 



Affecting Cone. 

(mg/1) of NaCI 

2,500 

3,680 

50,000 



Type of Effect 



Lethal cone. 



Immobi lization 



Digestion retarded 



Large quantities of chlorides discharged by industrial plants into the 
Werra River, Germany, have resulted in fish kills during the winter when 
the salt content exceeded 12,000 mg/l (Highway Research Board, 1967). 
The same reference describes the result of one field study where fish 
disappeared from the stream when chlorides exceeded 1,000 mg/l. The 
effect of chlorides on gold fish was studied by the Madison Rivers and Lakes 
Commission (1962) with no effect being noticed during a 24-day period 
while the concentration of chloride was 1,200 mg/l. A study by Dawton £ 
Eggert (1957) describes the tolerance of slime organisms to sodium chloride 
in trickling filters. Following a sharp increase in the sodium chloride levels 
(up to 20,000 mg/l) treatment efficiency was impaired in the filter, but the 
slime growth recovered in about a day. Little effect on the effluent BOD 
values was noted with sodium chloride concentratons of up to about 10,000 



mg/l, but at a concentration of 50,000 mg/l of chloride the effluent BOD 
values were about doubled. A similar study was undertaken by Kincannon 
and Caundy (1968) in which a biological waste treatment system was tested 
at various concentrations of sodium chloride in the inflowing synthetic waste. 
During the period of increasing the salt concentration up to 30,000 mg/l 
the system could not maintain a high removal efficiency. However, 
after an acclimation period the system regained its former rate of reaction 
The system recovered when the salt concentration was reduced. It was 
found that steady operation at a salt level of 8,000 mg/l sustained a high 
reaction rate. 

The special additives (such as ferrocyanides) are often mixed with the 
de-icing salts (serving mostly as anti-caking agents) . During the years 
of 1969-70, the Ontario Ministry of the Environment monitored the levels 
of cyanide in various streams in the area of Metropolitan Toronto. No 
significant increase in the concentration of cyanide was observed for the 
winter seasons. 

Burdick (1948) studied the toxicity of ferro- and ferri- cyanide com- 
pounds. Ferric ferrocyanide was not harmful to blunt nosed minnows 
in a concentration of 9,600 mg/l. This compound does not release 
cyanide upon acidification. On the other hand, sodium ferrocyanide, 
sometimes added to the de-icing salt, could release cyanide after 
photo-decomposition, although the author did not find a concentration 
of 2,000 mg/l sodium ferrocyanide to be toxic to fish. 



2.1.3 The Contamination Of Soil and Injury to Roadside Vegetation 

Extensive literature, available on salt effects on trees and grasses compris- 
ing the roadside environment, concludes that highway salt seriously injures 
this vegetation. 

Linzon (1971) reported that the Phytotoxicology Section of the Air 
Management Branch of the Ontario Ministry of the Environment has 
investigated a number of complaints of injury to roadside trees sus- 
pected of being injured by salt spray. In these investigations, it 
has been found that white pine, peach and apple trees are extremely 
sensitive to salt spray. The symptoms of injury include terminal 
shoot dieback which is most severe on the row of trees adjacent to 
the highway with the severity of injury decreasing with distance from 
the highway. The dieback was accompanied by elevated levels of sodium 
and chloride in the dead twigs. Trees were rarely injured beyond 
150 feet from the road, but this distance was found to vary depending 
on frequency of salt treatment, highway traffic, height and density 
of roadside trees, and gradient of the highway. 
The report prepared by National Research Council, Ottawa (1971) 
states that damage to the vegetation occurs mainly at locations where 
chemicals are applied in large quantity and where traffic splashes 
the brine on roadside trees. A report by the Highway Research 
Board (1970) indicates that soil in some areas in proximity to salted 
highways is becoming polluted by de-icing salts and even "alcali- 
tolerant" plants could not grow in a soil containing as much as 



10,000 mg/l of chloride. Struzeski (1971) reviewed an extensive number 
of investigations reporting die-offs of plants due to salt contamination. 
This report indicates chloride accumulations within grasses to be 
several times lower than the accumulation rate of sodium. 

Linzon (1973) reported that salt injures plants by forming intercellular salt 
crystals which desiccate plant tissues through cell plasrnolysis. This form 
of physiological drought can result in death of the tissue when a threshold 
level of sodium and/or salt is reached. Toxicity usually occurs when chlorine 
is in the range of 5,000 to 15,000 ug/g based on the dry weight of tissue. 

Davison (1971) gave a summary of adverse effects of excesses of deicing mix- 
trues on the plants along salted highways. They were as follows: 

- osmotic stress 

- specific toxicity of ions presented 
in de-icing mixture 

- altering the soil pH 

- changing the soil permeability 

Lacasse (1962) asserts that cumulative applications of highway de-icing 
salt is responsible for the rapid decline of sugar maples. The same 
author carried out a similar study in 1964 and came to the same con- 
clusion. Walton (1969) proved a direct correlation between the in- 



tensity of highway salting and the death of Norway Maples. Accord- 
ing to Struzeski (1971) grasses are not injured by de-icing salts as 
readily as trees, hence trees are the first in plant biota showing the 
sign of chloride damage. The same reference indicates that salt sprayed 
from the passing vehicles can affect trees up to 100 feet from the road. 
Whittle (1971) does not suggest planting maples along salted highways 
as this tree exhibits poor salt tolerance. The same reference also 
indicates that there are other pollutants causing damage to trees 
(oily deposits from house heating, changes in the water table, ozone, 
pollution from automobile exhausts, etc.). 

Thomas (1967) concluded that excesses of road salt applied on highways 
may cause the death of Kentucky Bluegrass along the roadside. The 
author summarized factors governing salt injury to the plants as follows: 

- amount of road salt applied 

- amount of road salt reaching the vegetation 

- water availabi lity 

- temperature 

- wind velocity 

- soil factors 
plant dormancy 

- salt tolerance of plants 

- cumulative effects 



Salt tolerance of grasses and trees has been classified by Richards 
and Associates (1972), with respect to the capability of the plant, to 
survive on saline soils. The plants have been categorized as: 

- tolerant 

- moderately tolerant 

- sensitive 

Approximately one hundred species are listed in these three categories 
Eaton (1971) reports varying degrees of crop injury as a result of 
accumulation of salt in soil. The author concludes that chloride salts 
in soil are far more toxic than sulfate salts and that chloride salts 
inhibit activity of some enzymes. 

Results of various studies of the effect of chlorides upon plants and 
soils are probably hard to apply in the field since the salt once affect- 
ing the plant could be "flushed away" while the adverse effect of the 
salt remains after the salt concentration is significantly lowered. 
Increased sodium and chloride concentration was suspected to cause 
an extensive silver maple decline on the US-7 Highway in Vermont 
(Highway Research Board, 1970). In this report it was confirmed 
that the maximum concentration of sodium and chloride may be found 
at the soil surface at the nearest vicinity of highway. Salt concen- 
tration increased during summer and fall. Sodium and chloride ions 



entered the soil profile during the winter and penetrated into deeper 
horizons as time progressed. Higher than normal sodium and chloride 
concentrations were found to depths of 18 inches and at distances of 75 
feet from the pavement. The increase in sodium and chloride content 
of the soil is manifested through increased uptake of these ions into the 
leaves and stems of the damaged trees, according to the findings of this 
report. No damage was observed when the chloride concentration was less 
than 1,800 mg/l. A chloride concentration of 2,000 mg/l produced leaf 
scorch, and above 5,000 mg/l produced leaf scorch, defoliation and ul- 
timately death of the tree. 



I 
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2.2 SNOW DISPOSAL 

Investigations of snow dumping into water bodies indicate that such prac- 
tices can be a significant source of water pollution (Ontario Water Resources 
Commission, 1971) . 

In the literature there is little documentation as to the potential hazards of 
this form of snow disposal . The Ontario Water Resources Commission car- 
ried out surveys in which high concentrations of suspended solids, organic 
material, phosphorus, chlorides, lead and oil were found in the Toronto 
area snow (Ontario Water Resources Commission, 1971). Average concen- 
trations of pollutants found in snow taken from disposal sites and trucks 
dumping snow directly to Toronto Harbour are presented in Table 2.2.1. 



TABLE 2.2.1 Analysis Of Snow From Disposal Sites In Toronto 



Parameter Concentration (mg/kg) 

Total solids 10,500 

Chlorides 2,250 

Total lead 9.8 

Total iron 41 .5 

Total phosphorus 2 

BOD r 57 



Lead introduced to the snow via automobile exhausts has recently come under review 
(each gallon of leaded gasoline contains 2.1 to 1.8 grams of tetraethyl or tetra- 
methyl lead) . Analyses of snow disposal sites in Ottawa yielded an average lead 
concentration of 1.9 mg/l {Richards and Associates, 1972) . These results are 
slightly lower than findings of the Technical Task Force in Toronto, Ontario 
(see Table 2.2.1) where average concentration of lead in snow was found to be 
9.8 mg/kg. The Richards' study (1972) found that lead particles contained in 
automobile exhaust fumes attach themselves to sand and fine particles. If their 
findings are true the question would then be whether or not lead remains attached 
to particulate matter if disposed of in suitable land disposal sites. 

Soderlund et a I (1970) documents the high level of lead in snowfall in Sweden 
where lead concentration ranged from 1 to 100 mg/kg with a median concentration 
of 18 mg/kg. Oil content of the same snow ranged from 2 to 105 mg/kg with a 
median concentration of 21 mg/kg. Similarly, a high content of lead in snow 
was found in studies in Columbus, Ohio, where snow contained "about 15 times 
more lead than the safe limit set for drinking water" (Struzeski, 1971) . 

Significant quantities of heavy metals (iron, cadmium, chromium, nickel, zinc 
and copper) were found in snow disposal sites in the Toronto area by Dr. Van 
Loon from the University of Toronto (1972) . 

Bandoni (1972) reports high suspended solids concentration in snow being dumped 
to the Grand River by the City of Gait. Suspended solids in this area ranged from 
399 to 2322 mg/kg. 



The environmental impact of many pollutants in snow (especially heavy metals) 
deserves further investigation. Very little is known as to the bio-availability 
of these contaminants to the plants and organisms affected. The fate of these 
metals after a number of years on the bottom of rivers or on the soil is still an 
unanswered question. 

Bioassay tests were performed on meltwater from three snow disposal sites 
in Ottawa by Richards and Associates (1972) . No signs of acute toxicity were 
evident using finger! ing rainbow trout on the basis of 96-hour tests. Recent 
studies including a number of investigations undertaken by Dr. Kramer of 
McMaster University indicate that the results of bioassays performed on melt- 
water should be used cautiously when predicting the impact of melted snow 
upon aquatic biota. It is hypothesized that heavy metals in snow could appear 
in chelated form rather than as free ions, thereby significantly changing their 
toxicity. Chelating mechanisms as well as surface active phenomena could possibly 
explain the high solubilities of heavy metals in snow and rain. Experience has 
shown that these concentrations exceed the solubility limits of salts of heavy metals. 



3. POLICIES AND PROGRAMS ASSOCIATED WITH MINIMIZING THE 
DELETERIOUS EFFECTS OF SNOW DISPOSAL 

In the spring of 1972, the Ontario Ministry of the Environment directed that a 
Technical Task Force on Snow disposal be formed to develop a policy on road- 
way de-icing and snow disposal for the province. This Task Force which first 
met in July, 1972, is composed of members from the Federal Department of the 
Environment, the Ontario Ministry of the Environment, the Ontario Ministry of 
Transportation and Communications and several municipal engineers from cities 
and towns in Ontario. Under the direction of this Task Force, a number of programs 
have been established to obtain basic data for the development of winter road 
maintenance policy and to provide guidance for snow disposal practices. Intensive 
sampling of snow scraped from roadways in Ontario was initiated during the winter of 
1972-73, and a wide variety of chemical and physical parameters are being mea- 
sured. Completion of this project will provide a better insight into the concentration 
of pollutants in snow from different types of roadways as well as from snow 
that has been on the ground for both short and long periods of time. This Task 
Force also co-ordinates the water quality impact study of the direct snow disposal 
in the Ottawa-Hull area (in co-operation with the National Capital Commission and 
a consortium of consulting engineers) . 

The Ontario Ministry of the Environment has contacted several agencies responsible 
for environmental protection in North America. It appears that very little has been 
done in the development of regulations concerning the use of road salt on highways, 
or in formulating a snow disposal policy. Legislation against the use of salt on high- 



ways has been passed in Minnesota and has been proposed in Massachusetts, Oklahoma 
and Vermont (Salt Institute. 1971) . No comprehensive policy has been accepted in 
the State of New York and Ohio concerning the snow disposal and de icing of roads. 
In Michigan the Highway Department uses only calibrated spreader equipment for de- 
icing of roads and has a route priority system whereby certain roads are maintained 
in a bare pavement condition, utilizing the de-icing procedures as opposed to road- 
ways with lower priorities where only snow removal is employed. In the State of 
Vermont the "reasonable and proper procedure for highway salting" is enforced by 
an order issued by the local Department of Water Resources. The order is renewable 
annually upon application by the local Department of Highways. The order requires: 

(a) following the agreed standards for the application of winter 
salt on highways; 

(b) reporting every application of de-icing salt in excess of 800 

pounds per mile to the local environmental authority; 

(c) covering all salt storage areas; 

(d) conducting investigations of winter road operations by the local 
Department of Highways particularly as to the minimizing of the 
discharge of salt to waters. 

Snow disposal activities in the U.S. are handled largely at the local and 
State levels. 

Whittle (1971) describes a ban on using salt for de-icing streets in Burlington, 
Massachusetts. The chloride content of Burlington's wells has risen steadily 
(up to 272 mg/l) even though the municipality applied relatively minor quanti- 
ties of salt to the streets. 



Mammel (1970) contacted thirteen major cities in North America to determine 
their policy on the use of salt. Every city contacted proposed to continue 
using salt as de-icing chemical despite the fact that salt may be detrimental 
to the environment. In general , most of the cities contacted feel that there 
is no practical substitute for salt. 

Bandoni (1972) in his report concludes that the former City of Calt, Ontario, by 
dumping snow into the Grand River, had broken its own pollution control 
by-law which prohibited waters containing a maximum of 15 mg/1 of sus- 
pended solids being discarded into waterways. Since suspended solids in 
snow for this area ranged from 399 to 2,322 mg/kg of suspended solids 
Bandoni recommended to City Council not to dump snow into the Grand River. 
Whittle (I97I) suggested that de-icing salt may actually increase highway 
accidents as, on salted roads, motorists have the illusion they are riding directly 
on pavement instead of a thin layer of melted water and hence tend to drive 
faster than they would otherwise. Moreover, dried salt spray on the wind- 
shield reduces the driver's visibility. This report presented to the Newton 
City Council, Massachusetts, recommends replacement of salt by sand. 



4. ADDITIONAL STUDIES RECOMMENDED IN THE LITERATURE 

From the available literature it is apparent that the environmental consider- 
ation of snow removal deserves further investigation of this problem. This 
part describes some studies which the literature indicates as needed to evalu- 
ate the environmental hazards associated with snow disposal and consequently 
to formulate a snow disposal policy. 

To achieve this goal the following studies are required: 

(a) a study of the chemical quality of snow scraped from streets and 
highways. This is particularly important for areas where snow 
is dumped into nearby water bodies. 

(b) an extensive study to assess the current snow dumping practices 
and the development of "safer" means of ultimate snow disposal . 
The direct snow disposal into the Ottawa River (described in the 
preceeding chapter), could be considered under this category. 

(c) further study on non-chemical melting of snow, including an 
environmental and economical evaluation of this operation. 

(d) a study of land disposal of snow to evaluate the types of soil 
suitable for land disposal of snow, changes of physical prop- 
erties of soil, and effect of pollutants from snow, transport 
of pollutants following snow melt and the suitability of snow 
disposal location. 



(e) further studies on the environmental impact of chemicals from 

disposed snow and from de-icing mixtures. Studies are re- 
quired on the effect on human health and on water biota of these 
pollutants. One of the results of this study could be the impo- 
sition of a limit on sodium in water meant for public supplies. 

(f) a study of sources of contaminants in snow; such a study could 
identify significant sources to be curtailed in order to reduce 
the amount of these pollutants in snow. 

(g) a study of the surface flow from drainages along highways and 
its possible control . 

(h) a detailed investigation of the potential hazards of additives 

mixed with de-icing chemicals. 
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